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Ba0.77Ca0.23TiO3 ceramics were produced in this work starting from nanopowders synthesized via 
a polymeric precursor method. By adjusting the pH values of the precursor solutions above 7, it was 
possible to prepare powders weakly aggregated and with a smaller particle size, both facts which 
traduced into an enhanced nanopowders’ sintering process at comparatively lower temperatures. 
Irrespective of the initial pH value, highly-dense and second phase-free ceramics were obtained 
following optimal sintering parameters (temperature and time) extracted from dilatometric and density 
measurements. By considering these and other sintering conditions, moreover, polycrystalline materials 
with an average grain size varying from 0.35 to 8 mm were produced, the grain growth process involving 
liquid phase-assisted sintering for heat treatments achieved at 1320 °C. The study of grain size effects 
on the ferroelectric properties of these materials was conducted, the results being discussed in the light 
of previous debates, including grain size-dependent degree of tetragonal distortion in such materials, 
as verified in this work.
Keywords: barium calcium titanate, nanopowders synthesis, sintering, microstructures, dielectric 
properties
1. Introduction
Barium calcium titanate (BCT) is a perovskite-structured 
ferroelectric system, with tetragonal 4 mm point group. In 
particular, the Ba0.77Ca0.23TiO3 (BCT23) composition is the 
only congruently melting compound in this system1. Single 
crystals from this compound present a Curie temperature 
(denoting the temperature of paraelectric-to-ferroelectric 
phase transition upon cooling) at 98 °C, and do not show, 
in contrast to undoped BaTiO3 (BT), any further structural 
transition down to -120 °C1. BCT compounds have been 
reported as promising materials for the manufacture of 
multi-layer ceramic capacitors (MLCC), with the main 
advantages of showing good dielectric performance on 
cheap electrode (such as nickel) and, as mentioned above, 
an increasing temperature range of ferroelectric tetragonal 
phase. Moreover, addition of calcium is known to inhibit 
the formation of undesirable non-ferroelectric hexagonal BT 
secondary phase, as sometimes found in BT-based systems2. 
Due to all these and other attractive properties, considerable 
efforts have been devoted to optimize preparation, (micro)
structural and dielectric properties of BCT ceramics.
Theoretically, highly-dense ceramic materials may 
be prepared at a lower cost (thermal energy viewpoint, at 
least) from compacts with nano-sized particles, as they 
present higher effective area and surface energy, implying 
an increased grain boundary mobility and, thus, enhanced 
sinterability when compared to compacts formed by 
micrometric particles. In practice, nevertheless, elimination 
of large pores from green compacts is often the common 
problem when dealing with sintering of nanopowders, these 
pores being created due to the propensity of such powders 
to form agglomerates during their synthesis by chemical 
methods3,4. It is well known that green compacts showing 
particle agglomeration normally require higher sintering 
temperatures than compact with well deagglomerated 
particles; otherwise, significantly reduced final densities 
of the prepared ceramics may be unfortunately obtained.
To address the above problem, adjustment of the pH 
value of the precursor solutions prepared via chemical 
synthesis-based methods has often been used as an 
alternative way to nearly prevent agglomerates formation 
and to control morphology of the powders planed to be 
produced4-8. In a preceding paper4, we showed that the pH 
values of the starting solutions effectively influenced the 
physical properties of BCT23 nanocrystalline powders that 
were synthesized by a modified polymeric precursor method. 
That is, increasing the pH values to alkaline conditions 
allowed the production of highly-reactive powders with 
very fine and homogeneous particles. For samples with pH 
value equal to or higher than 7 and calcined up to 600 °C, 
nevertheless, the observation was that a small amount 
of secondary BaCO3 phase remained stable, even after 
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5 hours of heat treatment. Traces of this undesirable phase 
disappeared after calcination, for instance, at 700 °C for 
2 hours, but accompanied by an increase in the average 
particle size of the powders finally synthesized. In any case, 
considering that the particle size of powders, morphology 
and presence of spurious phases, if any, normally have 
significant effects on the sintering process of materials, the 
present work was focused on performing the study of pH 
influence on BCT23 synthesis, with a special attention paid 
to the sintering dynamics, microstructures and dielectric 
properties of the ceramic bodies prepared from such 
nanopowders.
2. Experimental Procedure
Ba0.77Ca0.23TiO3 nanocrystalline powders were 
synthesized by a modified polymeric precursor method, 
using titanium isopropoxide (Ti[OCH(CH3)2]4 – Alfa Aesar, 
97%), barium acetate (C4H6BaO4 – Synth, 99%) and calcium 
carbonate (CaCO3 – Alfa Aesar, 99.95 %) as precursor 
materials, while varying the solutions’ pH value in the 
range of 1.5 to 11. Adjustment of the pH value of the resins 
was achieved through addition of ammonium hydroxide, 
followed by heating up to 120-150 °C in order to eliminate 
the water excess and promote the polyesterification reaction. 
As presented in the previous report4, Table 1 summarizes 
some of the properties of interest for the powders calcined 
at 600 °C for 5 hours, the data showing an evident influence 
of the pH value of the resin on the powder characteristics 
finally observed. Instead of those BaCO3-free powders 
calcined, for instance, at 700 °C for 2 hours, the present ones 
(Table 1) were selected as starting powders for developing 
this study because of their comparatively smaller average 
particle size, according to powders’ analysis performed 
through field emission scanning electron microscopy, 
FE-SEM (FEG-VP Zeiss Supra 35 equipment). This fact is 
theoretically expected to promote sintering effectiveness at 
relatively lower temperatures.
In the present work, these powders (synthesized at 
600 °C for 5 hours) were mixed with a binder solution of 
polyvinyl alcohol in a concentration of 0.1 g mL–1, and 
uniaxially compacted at about 120 MPa into 4 mm-diameter 
disk-shaped samples. Shrinkage measurements of the 
pressed powders were carried out by using a Netzsch – DIL 
402 PC dilatometer equipment, in the range of 25 to 1350 °C, 
under a constant heating rate of 10 °C/min and synthetic air 
(O2/N2 – 1/4) flow. Achievement of these measurements was 
considered in order to evaluate the sintering temperature 
to be ideally applied for each material so as to produce 
highly-dense bodies. After sintering, density of the ceramics 
was determined by the Archimedes’ method using distilled 
water. Moreover, the microstructures of these ceramics 
were examined by scanning electron microscopy, SEM (in 
a Zeiss-DSM960 microscope equipment), after which the 
average grain size was in each case evaluated following 
the intercept length method9. The structural investigation 
of these materials was performed through powder 
X-ray diffraction, XRD (in a Rigaku Rotaflex RU-200B 
diffractometer), using CuKa1 radiation. The measurements 
were carried out at room temperature in continuous mode, 
in the 2q range from 20 to 60°, with a step of 0.02°. 
Finally, electric contacts were fabricated out on both major 
surfaces of polished ceramic samples by applying Pt paste, 
followed by firing at 700 °C for 30 minutes. Subsequently, 
permittivity data of these samples were recorded at 1 kHz 
using a Solartron 1260 Impedance Analyzer controlled by 
a personal computer. The measurements were carried out 
during cooling from 200 to 25 °C, with a cooling rate of 
0.5 °C/min and an applied electric potential of 100 mV.
3. Results
3.1. Dilatometric and densification analyses
Figure 1 shows the results of linear shrinkage DL/L0 and 
shrinkage rate d(DL/L0)/dT for all the prepared samples as 
a function of temperature. As can be seen, the inflection 
point in each linear shrinkage curve (Figure 1a), which 
corresponds to the temperature of maximum shrinkage rate 
(i.e., d(DL/L0)/dT peak, Figure 1b), decreases when the pH 
value increases. In general, in terms of thermal dynamics, 
differences in the results shown in this Figure 1 involve the 
effect expected from variations of both starting particle size 
and agglomeration level in the powders when synthesized 
from precursor solutions with different pH values (see 
Table 1). Following these results, different values of 
sintering temperature were adopted in order to produce all 
the ceramic bodies with high densities. These values are 
summarized in Table 2, together with the relative density 
(relative to BCT23 theoretical density, TD = 5.55 g.cm–3)10 
measured for each material. For the sake of comparison, 
BCT23_03 (pH = 3.5) and BCT23_07 (pH = 7.0) compacts 
were also sintered at 1250 °C for 3 hours, the corresponding 
density data being as well included in this Table (the two 
last rows).
To complete the analysis of the sintering process, the 
densification behavior of the calcined and compressed 
BCT23_01 and BCT23_11 powders was also closely studied 
Table 1. pH value, average particle size (APS), agglomeration level, morphology and crystalline phases present in the powders calcined 
at 600 °C for 5 hours.
Samples pH value APS (nm) Agglomeration level Morphology Crystalline phases
BCT23_01 1.5 51 Strong Heterogeneous BCT
BCT23_03 3.5 45 Strong Heterogeneous BCT
BCT23_07* 7.0 34 Middle Homogeneous BCT and BaCO3
BCT23_09* 8.5 35 Weak Homogeneous BCT and BaCO3
BCT23_11* 11 31 Weak Homogeneous BCT and BaCO3
*Theses samples presented small traces of BaCO3 phase.
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in real time, the results being illustrated in Figure 2. In this 
case, the temperature was varied at a constant heating rate 
of 10 °C/min up to reach the sintering temperature selected 
(in each case) from the dilatometric (DIL) analysis, that 
is, 1320 °C and 1250 °C, respectively. From the observed 
results, it is clear that both samples show a similar 
densification behavior, reaching the same final density of 
97 ± 1% TD after sintering for 3 hours at these two but 
different temperatures. These results allow concluding that 
the influence of the pH value and, thus, particle size and 
agglomeration level on the final density of the ceramics is 
negligible when the green compacts are sintered following 
the appropriate conditions established from the dilatometric 
study. This observation is further supported by Figure 3, 
which shows the pH dependence of density of all the samples 
under 3 different conditions, namely (i) as-compacted 
powders (green compacts prepared under equal pressing 
conditions), on the one hand, and sintering for 3 hours (ii) 
at 1250 °C and (iii) at the temperatures established by the 
DIL analysis, on the other hand. For the samples sintered 
at 1250 °C for 3 hours, there is a significant increase in 
materials’ relative density with raising the pH value. As 
may be realized, these samples reach their maximum density 
when the applied sintering conditions coincide with the 
pH-modified DIL ones (data summarized in Table 2), the 
latter conditions allowing a similar maximum reachable 
density for all these materials, that is, irrespective of the 
pH value considered.
3.2. (Micro)structural (SEM and XRD) analyses
Examination of the microstructures of all the ceramics 
was achieved in this work by using the SEM analysis 
technique. Figure 4 shows, for instance, the SEM images 
of the ceramics after sintering at two different conditions: 
at 1250 °C for 3 hours for all of them (Figure 4a-e) and, in 
addition, at 1320 °C for 3 hours for BCT23_01 (Figure 4f). 
Under identical sintering conditions (1250 °C/3 h), a 
decrease of porosity was indeed noted as the pH value 
increased (that is, when various SEM images from different 
regions of the samples were compared). In terms of behavior, 
this result remains in accordance with that obtained from 
the DIL analysis (Figure 1) and density measurements 
(Figure 3). For a quantitative comparison, values estimated 
from the SEM images for the average grain size (AGS) of 
all the ceramics have been included in Table 2. Accordingly, 
Figure 4a-e involves a reduction of AGS toward the acid 
conditions (compare in Table 2 the AGS values of the 
ceramics, from pH = 11 to 3.5, after sintering at 1250 °C 
for 3 hours), certainly because the samples prepared 
from solutions with the lower pH values still were in a 
somewhat intermediate sintering stage at 1250 °C, as could 
be concluded from the DIL results (Figure 1). This means 
Figure 1. Linear shrinkage (a) and linear shrinkage rate (b) for all the samples as a function of temperature, according to measurements 
carried out in air at a heating rate of 10 °C/min.
Table 2. Sintering conditions, initial pH value of the solutions, 
relative density (ρ
rel) and average grain size (AGS) of the sintered 
samples (ρTD = 5.55 g.cm–3)10.
Sintering  
conditions
Initial pH  
value
ρ
rel
(± 1 % TD)
AGS
(μm)
1320 °C/3 h 1.5 97 8 (1-25)
1320 °C/3 h 3.5 96 3 (1-20)
1280 °C/3 h 7.0 96 0.77 (0.21-1.55)
1250 °C/3 h 8.5 97 0.55 (0.18-0.91)
1250 °C/3 h 11 97 0.57 (0.21-0.93)
 1250 °C/3 h* 7.0 94 0.43 (0.10-0.80)
 1250 °C/3 h* 3.5 93 0.38 (0.10-0.82)
*Additional sintering conditions considered for a comparative study 
(see text).
Figure 2. Time behavior of density (ρ) observed for the BCT23_01 
and BCT23_11 samples during heating at a rate of 10 °C/min in air.
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that a significant grain growth process may be still expected 
for these samples at higher sintering temperatures11. In fact, 
when the BCT23_01 compact was sintered applying the 
corresponding DIL condition (1320 °C/3 h), so as to achieve 
full density, the ceramic body presented an anomalous grain 
growth with a size distribution ranging from 1 to 25 µm 
(Figure 4f and Table 2).
The XRD patterns obtained for the BCT23_01, 
BCT23_07 and BCT23_11 samples sintered applying the 
DIL conditions (given in Table 2) are illustrated in Figure 5. 
Qualitatively, the same results applied to the other ceramic 
samples. That is, only the BCT23 phase was observed in all 
the XRD spectra, revealing that the initial pH value did not 
show any important influence on synthesizing ceramics with 
the stoichiometric (second phase-free) BCT23 composition 
envisaged. This result was expected provided that, as briefly 
commented in the introduction, all the powders (even those 
prepared from the precursor solutions with the higher pH 
values, and showing small amounts of a BaCO3 phase after 
solution heating at 600 °C for 5 hours) resulted free of 
BaCO3 traces after calcination at 700 °C and above4. Taking 
as reference, for instance, the tetragonal double (002)/(200) 
peak appearing in these XRD spectra just above 2q = 45°, 
as magnified in the Figure 5 inset, the only difference 
applying to all these ceramic samples is the observation 
of a clear trend of the double peak resolution and, thus, 
structure tetragonality to increase with diminishing the pH 
value. Indeed, this apparent structure tetragonality-pH value 
connection must be here considered being, of course, only 
indirect, the real justification being, in reality, the increase 
of AGS when the starting precursor solutions’ pH value 
was reduced.
3.3. Dielectric properties
According to the microstructure characteristics of the 
ceramic samples prepared here, as summarized in Table 2, 
it was in this work possible to achieve a study of average 
grain size (AGS) influence on the dielectric properties 
of these materials. Figure 6 illustrates the temperature 
dependence of dielectric constant (e) of these BCT23 
ceramics, for the measurements performed at 1 kHz. As 
Figure 4. SEM images of the ceramic samples prepared under different conditions: (a) BCT23_01, (b) BCT23_03, (c) BCT23_07, 
(d) BCT23_09 and (e) BCT23_11 sintered all at 1250 °C/3 h, and (f) BCT23_01 sintered at 1320 °C/3 h.
Figure 3. pH value effect on density (ρ) of: the green compacts 
(■) and the samples sintered for 3 hours at (D) 1250 °C and (•) 
the dilatometry (DIL)-extracted optimal conditions. (ρ
rel refers to 
relative density with respect to ρTD = 5.55 g.cm–3)10.
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to be grain size dependent, as can be clearly seen in 
Figures 7 and 8. In particular, on the one hand, Tc and e
m
 
decrease with diminishing AGS, especially below 0.77 mm 
(Figure 7). Similar results have been reported elsewhere 
for perovskite-structured undoped BT and PbTiO3 (PT) 
ceramics12-14, being here also found in BCT ceramics. On 
the other hand, eRT peaks at a grain size of about 0.55 mm 
(Figure 8). This behavior is to date indeed exclusively 
characteristic of BT ceramics (i.e., when compared with 
other perovskite-structured parent materials), with a peak 
classically developing around 0.7-1 mm15-17. We note that 
the value of eRT(0.55 mm) = 1280 found in Figure 8 remains 
among the higher ones presented in literature for BCT 
ceramic materials2,18-20.
4. Discussion
According to Figure 1, a large shrinkage process 
was noted to occur at about 1320 °C for the BCT23_01 
(pH = 1.5) and BCT23_03 (pH = 3.5) samples, this 
temperature being adopted as the minimum one necessary 
to achieve effectively sintering in these materials. 
Nevertheless, a close inspection of the dilatometric data 
shown in this figure suggests, moreover, occurrence of 
another contraction process, modest in appearance (i.e., 
of seemingly lower intensity), toward a lower temperature 
range of ~1150-1250 °C. As summarized in Table 1, it 
was shown in our preceding work4 that, for those starting 
precursor solutions prepared with the lower pH values 
(pH = 1.5 and 3.5), the synthesized BCT23 powders 
revealed to be significantly agglomerated. In consequence, 
green compacts from such powders are expected to most 
likely exhibit two distributions of pores, as it is also 
straightforward from the FE-SEM images we previously 
presented for such samples4: large inter-agglomerate voids 
that communicate throughout the samples, besides the 
intra-agglomerate ones which are comparatively smaller 
in size. Development of two contraction processes in 
these materials is therefore attributed to this pore size 
distributions’ feature21. In particular, the shrinkage process 
toward lower temperatures should correspond to expulsion 
of the intra-agglomerate porosity, while that at the higher 
Figure 5. Room temperature XRD patterns of the BCT23 ceramics 
sintered applying the dilatometry (DIL)-extracted conditions: 
BCT23_01 at 1320 °C/3 h, BCT23_07 at 1280 °C/3 h and 
BCT23_11 at 1250 °C/3 h. Reflection peaks were indexed using 
reference10.
Figure 6. Dielectric constant (e) of the BCT23 ceramics (with 
different average grain sizes, AGS) as a function of temperature, 
for measurements carried out at 1 kHz.
Figure 7. Curie temperature (Tc) and dielectric constant at Tc 
(e
m
), measured in the BCT23 ceramics at 1 kHz, as functions of 
the average grain size (AGS).
expected, each curve shows a dielectric peak denoting 
the ferroelectric-to-paraelectric phase transition at the 
called Curie temperature (Tc). The main observations 
are that both Tc as well as dielectric constant at room 
temperature, eRT = e(RT), and at Tc, em = e(Tc), reveal 
Figure 8. Grain size (AGS) dependence of dielectric constant (e) 
of the BCT23 ceramics measured at 1 kHz and room temperature 
(25 °C). The dot line is just a guide for the eyes.
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such nanopowders, its reduction remaining essentially the 
driving force of sintering processes of materials, as well 
established in the literature22,23.
In terms of dielectric properties (Figures 6-8), moreover, 
what is seen is that the reduction of the average grain size 
(AGS from 8 to 0.38 mm) results in three main alterations, 
namely a decrease of both Tc and e
m
 = e(Tc), while eRT shows 
a somewhat complex but typical dependence upon grain size 
variations. Similar results have been reported in literature 
for undoped BT ceramics, and some verifiable explanations 
have been proposed to account for these effects12,13,17,26. 
According to Frey et al.26, the decrease of permittivity with 
diminishing grain size may respond to the increasing density 
of a low-permittivity non-ferroelectric phase (called dead 
layer) associated with grain boundaries. Nevertheless, from 
achievement of structural and local piezoresponse force 
microscopy measurements (on BT and PT), some authors 
have concluded that, far to be exclusively caused only by 
the above extrinsic-like size effect (surface contribution), 
a complete interpretation of permittivity depression with 
decreasing grain size requires that intrinsic size effects (bulk 
phenomenon) be also considered. According to Zhao et al.12, 
with decreasing grain size the crystal structure of BT 
ceramics at room temperature becomes progressively less 
tetragonal and the heat of the tetragonal (ferroelectric) to 
cubic (paraelectric) phase transition is gradually reduced. 
Therefore, Curie temperature is shifted to lower values, 
while the magnitude of permittivity is reduced, as found 
here for Tc, e
m
 and eRT (below AGS = 0.55 mm, in the latter 
case). In the present work, the partial loss of tetragonality 
is verified in the Figure 5 inset, manifesting as a partial loss 
of the double (002)/(200) peak resolution with decreasing 
grain size.
With respect now to the behavior of room temperature 
permittivity, in particular, the pronounced maximum of eRT 
for AGS values approaching 0.55 mm (Figure 8), that is, 
close to the 0.7-1 mm AGS range of manifestation in undoped 
BT15-17, has been discussed elsewhere. By combining theory 
and experiment, this behavior has been attributed to an 
increase of the mobility of ferroelectric 90° domain walls, 
their width showing to decrease proportionally with the 
square root of AGS, as was determined by considering 
the equilibrium between elastic field and domain wall 
energies in such materials17. In general, although behaving 
like BT, the present dielectric results on BCT ceramics 
may be considered to be important, provided that quite 
different trends of grain size dependence of permittivity 
may be, and have been in fact, surprisingly found in even 
parent compounds. That is, different from BT samples, 
the permittivity of PT, Pb(Mg,Nb)O3 and Pb(Zr,Ti,Nb)
O3 has been found to instead decrease monotonously with 
diminishing AGS, these materials revealing as well a 
different behavior when compared with (Pb,La)(Zr,Ti)O3, 
whose permittivity has shown an apparent minimum value 
at an AGS of about 1.7 mm15-17,27-30. In other words, similarity 
between compounds is not necessarily a guarantee of 
similar behaviors to be expected for grain size effects on 
the ferroelectric properties of these materials. We in fact 
believe that further studies are needed to clarify observation 
of such so different behaviors even in comparatively parent 
compounds.
temperature is to be associated with expulsion of the 
inter-agglomerate porosity. In any case, the following two 
comments can be formulated. That is, resolution of the two 
agglomeration-related contraction processes for BCT23_01 
and BCT23_03 indicates that, firstly, the agglomerates were, 
of course, but not broken during samples’ compaction before 
sintering and that, secondly, intra- and inter-agglomerate 
sintering do not occur both simultaneously.
Also, the fact of starting with green compacts 
showing agglomerated-like particles (with a bimodal pore 
distribution) should lead, during heat treatment, to locally 
inhomogeneous sintering dynamics of the compacts, as 
may be concluded, for instance, for the BCT23_01 ceramic 
sample whose SEM image is shown in Figure 4a (sintering 
at 1250 °C/3 h and ρ
rel = 90% TD). Two regions 1 and 2 are 
indicated in this figure, representing completely dense and 
porous regions of the sample, respectively. In those areas 
like region 1, absence of porosity is expected to favor grain 
boundary migration through solid/solid interfaces and, thus, 
grain growth if performing sample heat treatment at higher 
temperatures. In contrast, densification dynamics in those 
areas like region 2 should be comparatively prejudiced due 
to the presence of solid/gas interfaces22,23. The microstructure 
of the above BCT23_01 material, but now after sintering 
at 1320 °C/3 h (ρ
rel = 96% TD), was shown in Figure 4f. 
Accordingly, it is observed that areas like region 1 clearly 
show a larger AGS than those areas like region 2 that were 
initially less dense (i.e., with formerly solid/gas interfaces). 
For this ceramic sample, the estimated AGS is about 8 mm, 
quite above the range of AGS < 2 mm normally found for 
solid-state sintering in BT-based ceramics24. We just recall 
that the temperature of 1320 °C basically coincides with 
the eutectic point (1322 °C) found in the phase diagram 
of BaO-TiO2 mixtures25 for stoichiometric Ba/Ti ratios 
close to but below 1. Accordingly, therefore, development 
of a liquid phase-assisted sintering mechanism should be 
responsible for the expressive grain growth finally found in 
the BCT23_03 and, especially, BCT23-01 ceramic samples 
(see values of AGS summarized in Table 2), as it is common 
in BT-based ceramics slightly rich in Ti and sintered at 
temperatures close to and above 1300 °C24.
Different from all the results discussed above, the 
powders synthesized from the precursor solutions with the 
higher pH values (especially pH = 8.5 and 11) presented 
weakly agglomerated particles. This fact allowed preparing 
highly-homogeneous green compacts that resulted in 
slightly-higher starting (green) densities (see Figure 3) 
and a more narrow grain size distribution in the sintered 
ceramic samples (see Figure 4 and AGS distribution data 
given in Table 2). Here, of course, values of grain size are 
lower (all below 1 mm in average) also because sintering 
was achieved at temperatures (1250 and 1280 °C) below 
the eutectic point. In any case, the main observation to be 
here highlighted is that the increase of the starting precursor 
solutions’ pH value traduced into powders with a decreased 
particle size and, especially, diminished particle aggregation 
level after calcination. As expected, this fact allowed a much 
more effective process of densification of the materials at 
comparatively lower temperatures (Figures 1-3). This is a 
right consequence of the higher surface energy involved in 
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5. Conclusions
It was shown that controlling the pH values of the 
precursor solutions is an effective way to prevent particle 
aggregation in Ba0.77Ca0.23TiO3 powders synthesized 
through chemical methods. In particular, this was possible 
via using here pH values above 7, resulting in strongly 
reactive powders that allowed preparing fairly homogeneous 
green compacts and producing highly-dense ceramics at 
comparatively lower sintering temperatures. Such ceramic 
bodies specifically showed a relatively narrow distribution 
of grain sizes. By applying sintering conditions extracted 
from dilatometric and density analyses, moreover, ceramics 
with an average grain size varying from 0.38 to 8 mm 
were prepared, the grain growth process involving most 
likely liquid phase-assisted sintering mechanism for those 
samples heat treated at 1320 °C. A strong effect of grain 
size on the ferroelectric properties of these materials was 
verified, and includes a decrease of both Curie temperature 
and maximum permittivity with decreasing grain size, as 
a consequence of a decrease of the unit cell tetragonality 
distortion in these materials, implying a transition trend to 
the non-ferroelectric cubic phase. On the other hand, the 
materials’ room temperature permittivity showed a complex 
behavior with a peak at a grain size of about 0.55 mm, a 
result that is typical of undoped BaTiO3 ceramics (for which 
the peak classically locates at about 0.7-1 mm) and may be 
accounted for by considering, particularly, contribution from 
the ferroelectric 90° domain walls mobility.
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